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Abstract
Objective: The current investigation evaluated the clinical effects of scaling and root
planing (SRP) alone or in combination with systemic metronidazole and/or repeated
professional removal of supragingival plaque in subjects with chronic periodontitis.

Methods: Fourty-four adult subjects (mean age: 45 � 6 years) with periodontitis
were randomly assigned to four treatment groups; a control (C, n5 10) that received
SRP and placebo and three test groups treated as follows: Test 1 (T1) (n5 12)
received SRP and metronidazole (400mg t.i.d., M) for 10 days; Test 2 (T2) (n5 12)
received SRP, weekly professional supragingival plaque removal for three months
(professional cleaning (PC)) and placebo; and Test 3 (T3) (n5 10) received SRP, M
and PC. Pocket depth (PD), attachment level (AL), bleeding on probing (BOP) and
presence of visible plaque and suppuration were measured at six sites per tooth at
baseline and at 90 days post-therapy. Significance of differences over time was
determined using the Wilcoxon test, and among groups using ANCOVA.

Results: A reduction in full-mouth mean clinical parameters was observed at 90 days
after all therapies. Sites with baseline PDo4mm showed an increase in mean PD in
the control group and in mean AL in all treatment groups. Sites with baseline PD of
4–6mm in subjects who received PC as part of therapy (T2, T3) showed a marked
reduction in PD, AL and in the % of sites with BOP. Subjects who received
metronidazole (T1 and T3) showed the best clinical response at sites with an initial PD
of 46mm. The major clinical benefit occurred when the combination of SRP, M and
PC was used. Group T3 showed the least attachment loss in initially shallow pockets.
This group also exhibited the greatest reduction in the % of sites with BOP and
suppuration as well as in mean PD and AL at sites with baseline PD44mm.

Conclusion: The data suggest a significant clinical benefit in combining SRP,
systemic metronidazole and weekly professional supragingival plaque removal for the
treatment of chronic periodontitis.
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Even though several treatments for
periodontal diseases have been exten-
sively studied, the ideal form of therapy
for these infections has not yet been
determined. Scaling and root planing
(SRP) is the most common periodontal
treatment. The overall results of the
studies that evaluated the clinical find-
ings associated with SRP indicate a
benefit in terms of reducing inflamma-
tion and decreasing probing pocket
depth (PD) and attachment level (AL)
measurements, especially at deeper sites
(Morrison et al. 1980, Badersten et al.
1981, Pihlstrom et al. 1983, Ramfjord
et al. 1987, Haffajee et al. 1997). A
large number of studies evaluated the
effects of combining SRP with systemi-
cally administered antimicrobial agents
(Loesche et al. 1991, 1992, 2002, Bain
et al. 1994, Feres et al. 2001, Herrera
et al. 2002, Rooney et al. 2002, Smith
et al. 2002) and suggested that the
adjunctive use of an antibiotic increases
the clinical efficacy of SRP therapy.
Other authors did not observe this
beneficial effect of the systemic drugs
combined with SRP over SRP alone
(Giedrys-Leeper et al. 1985, Al-Joburi
et al. 1989, Flemmig et al. 1998a, b,
Palmer et al. 1996).

Systemically, metronidazole seems to
be particularly effective for the treat-
ment of chronic periodontitis patients
because of its efficacy against obligate
anaerobes (Proctor & Baker, 1971,
Loesche et al. 1982). Several investiga-
tions have shown positive clinical and
microbiological results when metroni-
dazole was used in conjunction with
SRP (Loesche et al. 1984, 1991, 1992,
2002, Van Oosten et al. 1987, Söder
et al. 1990, Elter et al. 1997, Feres et al.
2001). A meta-analysis of the studies
that evaluated the effect of systemic
metronidazole as an adjunct to SRP in
the treatment of chronic periodontitis
suggested that this therapy may offer a
clinical benefit over SRP alone in
managing pockets of 4mm or greater
(Elter et al. 1997). Other studies have
also indicated metronidazole treatment
to be more effective in deep pockets
than in shallow pockets (Clark et al.
1983, Lekovic et al. 1983, Joyston-
Bechal et al. 1984, 1986, Loesche et al.
1984, Sterry et al. 1985). In a study of
our group this beneficial clinical effect
of metronidazole was seen even in
pockets of 4mm or less (Feres et al.
2001).

Supragingival plaque control is con-
sidered a crucial step in maintaining

periodontal health. The classical long-
itudinal studies carried out in Sweden
by Lindhe and co-workers in the 1970s
and 1980s established the importance of
oral hygiene for the success of different
types of periodontal therapies. This
group of investigators demonstrated that
the level of plaque control after treat-
ment was more critical in preserving the
periodontal status and preventing recur-
rence of destructive periodontitis than
the mode of initial therapy used (Lindhe
& Nyman 1975, Nyman et al. 1975,
1977, Rosling et al. 1976, Rosling 1983,
Lindhe & Liljenberg 1984). It is impor-
tant to emphasize that in many of these
studies the subjects received supragingi-
val plaque removal after therapy every 2
weeks for an extended period of time.
Nyman et al. (1977) demonstrated that
the use of five different techniques for
surgical pocket elimination were equally
ineffective in preventing recurrence of
destructive periodontitis when the sub-
jects exhibited poor plaque control post-
therapy. Ximenez-Fyvie et al. (2000)
showed that meticulous professional
supragingival plaque removal perform-
ed weekly during the 3 months after
periodontal treatment could lead to
beneficial changes in the composition
of the subgingival microbiota in sub-
jects with moderate periodontitis who
were in a maintenance program.

The studies described above indicate
that individually SRP, systemically
administered metronidazole or repeated
professional supragingival plaque
removal were effective in treating
chronic periodontitis. A logical question
was whether combinations of these
therapies might be even more effective
in improving periodontal status. Thus,
the purpose of the present investigation
was to evaluate the effects of SRP alone
or in combination with systemically
administered metronidazole or repeated
professional supragingival plaque
removal or both on clinical parameters
of periodontal disease in subjects with
chronic periodontitis.

Material and Methods

Subject population

Sixty Brazilian subjects 434 years of
age with chronic periodontitis who had
not received periodontal therapy pre-
viously were selected for the study.
Subjects had at least 20 teeth and a
minimum of eight teeth with at least one
site with PD and AL between 6 and

10mm and three sites with PD and AL
o4mm. Exclusion criteria included
pregnancy, nursing, and any systemic
condition that could affect the progres-
sion of periodontal disease or required
antibiotic coverage for routine dental
therapy. In addition, subjects with a
known allergy to metronidazole or who
had received antibiotic therapy in the
previous 6 months were excluded.
Subjects who were unwilling to refrain
from alcohol consumption during the
antibiotic phase of therapy were also
excluded.

Experimental design and treatment

In this randomized, placebo-controlled,
clinical study, subjects were screened
for suitability, and if accepted, were
informed of the nature, potential risks
and benefits of study participation.
Following the signing of an Ethics
Committee-approved informed consent,
subjects were entered into the study.
During the initial phase, subjects
received clinical and microbiological
monitoring, instructions in proper
home-care techniques and full-mouth
SRP performed under local anesthesia
(Haffajee et al. 1997). SRP was com-
pleted in at most six appointments of
approximately 1 h each. Treatment of
the entire oral cavity was completed in
14 days. Subsequently, subjects were
randomly assigned to one of the follow-
ing therapeutic groups: Control (C),
SRP and placebo; Test 1 (T1),
SRP1systemically administered metro-
nidazole (M); Test 2 (T2), SRP1weekly
professional supragingival plaque
removal (professional cleaning (PC))
and placebo; Test 3 (T3), SRP1M1PC.
After the completion of SRP, the
adjunctive therapies were initiated (day
0). Subjects in groups T1 and T3
received 400mg of systemically admi-
nistered metronidazole three times a day
for 10 days. Subjects in groups C and
T2 received placebo capsules using the
same regimen as the metronidazole
therapy. The drug and placebo medica-
tions were specifically prepared for use
in this study. Compliance was assessed
by counting the remaining capsules at
day 10 and calling the subject every 2
days during the antibiotic administration
phase. Also at day 10 after baseline, a
questionnaire concerning adverse
effects of metronidazole was filled out
by each subject. No severe adverse
effects were reported by any of the
subjects. Subjects in groups T2 and T3
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were seen weekly for professional
supragingival plaque removal for 3
months. Supragingival plaque was re-
vealed using disclosing solution. Visible
supragingival plaque was removed
using scalers on all accessible surfaces
followed by polishing of the teeth using
a rubber cup and dentifrice. Finally, all
interproximal surfaces were cleaned
using dental floss. When performing
these procedures, care was taken to limit
plaque removal to the supragingival
area only. All subjects received clinical
monitoring and subgingival mainte-
nance scaling at 3 months after therapy.

Clinical monitoring

The clinical monitoring was performed
by two calibrated examiners (k40.80).
One examiner performed all clinical
measurements in a given subject and
treatment was performed by the second
clinician. Thus, the monitoring clinician
was masked to the treatment protocol.
Subjects were clinically monitored prior
to therapy and at 90 days post-therapy.
Plaque accumulation (0/1), overt gingi-
vitis (0/1), bleeding on probing (BOP)
(0/1), suppuration (0/1), probing PD and
probing AL were measured at six sites
per tooth (mesiobuccal, buccal, disto-
buccal, distolingual, lingual and mesio-
lingual) at all teeth excluding third
molars at each visit. The probing PD
and probing AL measurements were
recorded to the nearest millimeter using
a North Carolina periodontal probe (Hu-
Friedy, Chicago, IL, USA).

Data analysis

Of the 60 subjects selected for the study,
16 were excluded from the data analy-
sis, two had taken another drug during
the course of the study (one in group T2
and the other in group T3) and the other
14 subjects failed to return for the
follow-up appointment (five in the
control group, three in group T1, two
in group T2 and four in group T3).
Therefore, clinical data for 44 subjects
were available for data analysis. The
mean % of sites with plaque, gingival
redness, BOP and suppuration as well as
mean PD and AL were computed for
each subject and then averaged across
subjects in the four treatment groups at
each time point. The significance of
differences over time (baseline and 90
days) in each group was sought using
the Wilcoxon signed-ranks test. Signifi-
cance of differences among the treat-

ment groups at baseline were sought
using the Kruskal–Wallis test and at 3
months using ANCOVA adjusting for age,
smoking status and baseline PD.

Results

The mean baseline clinical parameters
for the four subject groups are presented
in Table 1. The only parameter that
differed among groups at baseline was
age. Fig. 1 presents the mean full-mouth
values for the clinical parameters at
baseline and at 90 days for the four
treatment groups. The % of sites
exhibiting plaque accumulation, BOP,

suppuration as well as mean full-mouth
PD and AL were significantly reduced
at 90 days post-therapy in all treatment
groups. There was a statistically sig-
nificant difference among groups at 90
days for plaque and BOP with groups
T2 and T3 showing greater reductions
than groups C and T1. Although not
significantly from the other treatment
groups, the greatest reduction in mean
AL was seen in group T3 that received
the combination of therapies.

In order to understand better the
effect of the various therapies and to
allow more comprehensive comparisons
among the four groups, the sites were
subset into baseline PD categories of

Table 1. Mean ( � SEM) full-mouth baseline clinical parameters for the four treatment groups

Control
(SRP), 10

T1
(SRP1M), 12

T2
(SRP1PC), 12

T3
(SRP1M1PC), 10

age (years)n 41 � 5 50 � 8 46 � 6 42 � 5
% males 30 33 33 30
% sites with

plaque 81 � 16 82 � 13 84 � 10 77 � 22
bleeding on probing 74 � 24 75 � 14 76 � 15 75 � 18
suppuration 11 � 14 7 � 11 15 � 22 12 � 13

mean pocket depth
(mm)

4.02 � 0.73 3.68 � 0.55 3.89 � 0.85 4.13 � 1.11

mean attachment level
(mm)

4.47 � 0.88 4.46 � 0.80 4.46 � 1.12 4.59 � 1.10

% current smokers 30 8 42 30

SRP, scaling and root planing; M, metronidazole; PC, professional cleaning.
npo0.05; Kruskal–Wallis test.
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Fig. 1. Plots of the full-mouth mean values for the clinical parameters at baseline and at 90
days for the four treatment groups (C, control; T, test). Significance of differences over time
was tested using the Wilcoxon signed-ranks test (npo0.05, nnpo0.01, nnnpo0.001). The
significance of differences among groups at 90 days was tested using ANCOVA adjusting for
age, smoking status and baseline pocket depth. SRP, scaling and root planing; M,
metronidazole; PC, professional cleaning.
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shallow (o4mm), intermediate (4–
6mm) and deep (46mm), and the
analyses repeated. Figs 2–4 present
the mean values for each clinical
parameter at baseline and at 90 days in
the three baseline PD categories for the
four treatment groups. A reduction in all
clinical parameters was observed at 90
days post-therapy for all PD categories,
except for the baseline shallow pockets
(o4mm), which showed an increase in
the mean PD in the control group and in
mean AL in all treatment groups. This

increase in mean AL at 90 days was less
marked in the combined therapy group
(T3, Fig. 2).

Plaque accumulation differed signifi-
cantly among the four treatment groups
post-therapy for the shallow and inter-
mediate baseline PD categories (Figs 2
and 3). Subjects who received PC
(groups T2 and T3) showed a lower %
of sites with plaque at 90 days. A
significant difference among groups was
also observed for BOP in the shallow
and intermediate PD categories (o4, 4–

6mm). Group T3 subjects showed the
greatest reduction in BOP for all PD
categories (Figs 2–4).

Fig. 5 presents the mean changes
from baseline to 90 days for PD, BOP
and AL for the different baseline PD
categories. The initially shallow pockets
in the control group showed a small
increase in mean PD at 3 months post-
therapy while the three test groups
exhibited a reduction. The mean AL
showed a small increase in all treatment
groups at 3 months at initially shallow
PD sites. There was a decrease in the
mean % of sites presenting with BOP
for all treatment groups. Even though
T3 showed the most beneficial changes
for this PD category, the differences
observed among groups at the initially
shallow pockets were not statistically
significant.

The changes observed for mean PD
and AL at pockets with an initial PD of
4–6mm did not differ significantly
among groups. However, subjects in
group T3 showed the greatest improve-
ment in mean AL post-therapy, fol-
lowed by the subjects in group T2. The
% of sites with BOP was significantly
different among groups at the initially
4–6mm sites. Subjects in groups T2 and
T3 showed a more marked reduction in
this parameter when compared with
groups C and T1. The three test groups
(T1, T2 and T3) also showed a some-
what greater reduction in PD when
compared with the control group.

At pockets with baseline PD46mm,
there was a significant difference among
groups for PD reduction. Sites in
subjects receiving adjunctive metroni-
dazole, with or without PC (T1 and T3),
exhibited a greater mean reduction in
PD than groups C and T2. Similar dif-
ferences among groups were observed
for change in AL and BOP, but the
differences among groups were not
statistically significant.

Discussion

Combined therapies for the treatment of
infectious diseases are commonly
employed in medicine (Soll, 1996,
Stupnicki et al. 1996, Goh et al. 1997,
Graham et al. 1997). Combinations of
antimicrobial agents have also been
successfully employed in the treatment
of periodontal infections (Van Winkelh-
off et al. 1989, 1992, Pavicic et al. 1994,
Winkel, 2001). The combination of
systemically administered metronidazole
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Fig. 2. Plots of the mean values for clinical parameters at baseline and 90 days for sites with
baseline pocket depths o4mm, in the four treatment groups. Significance testing and
legends are as described in Fig. 1.
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are as described in Fig. 1.
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or repeated professional supragingival
plaque removal with SRP or surgical
procedures has been described for the
treatment of chronic periodontitis
(Lindhe et al. 1983, Westfelt et al.
1983, Joyston-Bechal et al. 1984,
Loesche et al. 1984, 1991, 1992, 2002,
Van Oosten et al. 1987, Jenkins et al.
1989, Soder et al. 1990, Eisenberg et al.
1991, Noyan et al. 1997, Ximenez-

Fyvie et al. 2000, Feres et al. 2001).
Since these therapies have different
modes of action, their combination
may provide a better therapeutic out-
come. The aim of this study was to
evaluate and compare the clinical effi-
cacy of SRP alone or in combination
with systemically administered metro-
nidazole and weekly professional supra-
gingival plaque removal. Even though

SRP is the most common periodontal
therapy and leads to acceptable clinical
results, it seemed likely that its perfor-
mance could be enhanced in certain
subjects by individual or combinations
of adjunctive procedures.

In the present investigation, all four
therapies led to a significant reduction
in mean full-mouth PD and AL at 90
days post-therapy as well as a signifi-
cant reduction in the % of sites exhibit-
ing plaque, suppuration and BOP. The
subjects who received the combined
therapy (T3) showed the greatest
improvement in mean AL at 90 days
when compared with the other groups.
When the sites were subset according to
baseline PD into shallow (o4mm),
intermediate (4–6mm) and deep
(46mm), the results showed that the
four therapies produced an increase in
mean AL in the baseline shallow PD
category. These data are in accord with
previous studies that showed that shal-
low pockets tend to lose attachment
after SRP (Hill et al. 1981, Pihlstrom
et al. 1981, Lindhe et al. 1982a,
Badersten et al. 1987). The attachment
loss at the shallow sites was least in
group T3 (Figs. 2 and 5). T3 subjects
exhibited the greatest reductions in the
% sites with BOP and in mean reduction
in PD and AL at initially intermediate
and deep pockets (Figs. 3–5). In the
deep PD category (46mm), the PC
therapy did not show a benefit over SRP
alone. This finding was in accord with
the data of Westfelt et al. (1998) who
showed little benefit of repeated profes-
sional supragingival plaque removal at
sites with initially deep periodontal
pockets. Subjects who received metro-
nidazole (groups T1 and T3) showed a
better clinical improvement when com-
pared with the other groups. This was
particularly noticeable for subjects in
group T3 who showed the greatest
reductions in AL, PD and BOP (Fig.
5). These results are in agreement with
other studies that suggested an addi-
tional benefit in clinical parameters for
initially deep sites, when metronidazole
was used as an adjunct to SRP (Lindhe et
al. 1983, Van Oosten et al. 1987, Jenkins
et al. 1989, Joyston-Bechal et al. 1984,
Loesche et al. 1984, 1991, 1992, 2002,
Soder et al. 1990, Eisenberg et al. 1991,
Noyan et al. 1997, Feres et al. 2001).

An interesting finding in this study
was seen at pockets with an initial PD of
4–6mm. At this PD category, groups T2
and T3 that received weekly PC as
part of the therapy showed a greater
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reduction in AL and, especially in the %
of sites presenting BOP when compared
with groups T1 and control. The fact
that the meticulous professional plaque
control after the active phase of perio-
dontal therapy facilitates the mainte-
nance of a healthy periodontium is well
documented (Axelsson & Lindhe, 1974,
Nyman et al. 1975, Rosling et al. 1976,
Westfelt et al. 1983).

The frequency and duration of the
professional supragingival plaque
removal in this study was the same as
that described by Ximenez-Fyvie et al.
(2000). They found that weekly profes-
sional supragingival plaque removal for
3 months after SRP led to a markedly
beneficial change in the composition of
the subgingival microbiota in perio-
dontitis subjects in a maintenance pro-
gram. However, the frequency and
duration of PC to obtain optimal results
have not been clearly determined. For
example, studies in the literature have
used other protocols such as profes-
sional supragingival plaque removal
every 3 weeks for periods of time that
varied from 3 to 6 months (Lindhe et al.
1982b, Westfelt et al. 1983) to 2 years
(Nyman et al. 1975).

The optimal dose and duration of
adjunctive systematically administered
metronidazole for the treatment of
periodontal infections has also not been
determined. The dose and duration of
metronidazole administration used in
the present investigation was based on
the Physicians Desk Reference (Medical
Economics Staff, 1992) that recom-
mends 250–500mg of metronidazole,
three times a day, for 7–10 days to treat
anaerobic infections. Other studies,
however, have used different protocols
for metronidazole administration that
have demonstrated clinical efficacy
(Loesche et al. 1991, 1992, Feres et al.
2001).

The major finding of this study was
the suggestion of added clinical benefit
in combining SRP, metronidazole and
professional supragingival plaque
removal (group T3). Subjects receiving
this combined therapy showed the most
favorable results for all categories of
baseline PDs. This combined therapy
led to the mildest loss of AL in shallow
pockets and to the greatest improvement
in clinical parameters at the intermedi-
ate and deep periodontal pockets com-
pared with the other treatment groups.
However, it will be important to exam-
ine microbiological changes and long-
term clinical changes in larger groups of

subjects to substantiate the clinical
usefulness of combined periodontal
therapies.
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